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第二章主要研究基于氢键的 PCET 荧光传感，分两节。如何将 PCET 从
反应机理发展为分析学科荧光检测新原理是本论文工作的重点和特色之一。 




其荧光猝灭行为符合 Stern-Volmer理论，猝灭常数 Ksv为 1.3×104L/mol，相关
系数 0.99。已知 DMABOA 在氯仿中的荧光寿命为 2ns，于是得出 DPG 对
DMABOA的荧光猝灭速率常数 kq高达 1013L/mol·s，远高于扩散控制的双分
子动态猝灭速率常数(1010 L mol-1 s-1)，因此 DPG与 DMABOA的作用应发生















光猝灭常数具有溶剂效应；DPG 猝灭 DMABOA 双重荧光的同时亦使双重荧
光的比值发生改变，即 DMABOA 荧光的猝灭伴随着其激发态分子内电荷转
移性质的改变，因此，DPG 的荧光猝灭作用并非由于其与 DMABOA 形成非
荧光性的基态氢键结合物所致，而应是发生于氢键结合物的激发态过程；动
力学同位素效应表明质子转移与电子转移是偶合的。综上所述，DPG 与
DMABOA 之间存在氢键介导的质子偶合电子转移(Proton Coupled Electron 
Transfer，PCET)过程。以对二甲氨基苯甲酸甲酯(DMABOMe)、对二甲氨基苯
甲酸正十二酯(DMABOO)及对二甲氨基苯甲酸四丁基铵盐(DMABOTB)取代
DMABOA作对照实验，提出了 DPG与 DMABOA可能的结合位点。 











增大而增强。选择 DPG 为底物，HEABOA 为探针，以核磁共振滴定法得出
二者基态的结合常数为 3.8×102 L/mol，结合比 1:1。与 DMABOA 类似的研


















拉电子能力提高，猝灭常数减小。结合 DMABOA 的四丁基铵盐 DMABOTB




为 DMABOA > HMABOA > DEABOA > DBABOA～HEABOA；对于相同的探







依然存在 PCET 过程，从而延伸 PCET 传感的应用范围。需要注意的是，



























我们合成并研究了其同系物 PABOEt 和 iPrABOA 的光物理行为，结果表明
















电子转移(ET)。1-NAA 的 pH 荧光滴定曲线呈“Ω”型，在 pH4.1 和 pH11.6 有


















三甲基氯化铵(CTAC)对 1-NAA荧光光谱的影响。在高 pH水溶液中，低至 10-4 




位置和强度的变化。研究结果表明：CTAB，CTAC 与 1-NAA 经静电作用形
成中性离子缔合物在水溶液中簇集有利于双重荧光的形成。 
第三部分着重考察 1-NAA形成双重荧光的原因。前文观察到在高 pH水








高 pH 水溶液中 CTAB、CTAC 诱导含氨基氢的萘胺类衍生物(NAs)所产生的
双重荧光系氨基的激发态质子转移所致，短、长波长的荧光峰分别对应中性
的 NAs和其共轭碱。同样的 pH范围内并没有观察到 NAs的紫外吸收光谱的
变化，NAs的激发态分子内电荷转移(ICT)无疑促进了中性氨基的去质子过程。 
第四部分是在第三部分探讨萘胺及其氨基单取代衍生物(NAs)在高 pH 介
质中双重荧光的来源，揭示其内因是激发态 ICT 促进氨基质子转移(Proton 
Transfer，PT)而非形成激基缔合物(Excimer)的基础上，研究高 pH 水溶液中
1-NAA、1-NA、1-NEDA 和 2-NA 的双重荧光，并利用双重荧光滴定法估计






















碍有利于酸式离解的激发态 ICT，净结果，ICT 促进的 pKa*与取代基的推拉
电子能力无关。类似的分析也可用于解释阳离子胶束与 pKa*的弱相关性。
CTAB、CTAC一方面会诱导双重荧光的形成，另一方面，其疏水微环境的低
极性会提高 ICT的活化能垒而阻碍 ICT，净结果，阳离子胶束对 NAs的 pKa*
几无影响。由于 NAs 的 pKa*大约在 14 左右，有一定的误差，为了验证上述
推测的合理性，研究了 2-萘酚(2-NOH)在 CTAB存在下双重荧光比值和 pH的
关系图并与水溶液中的相比较，发现 CTAB可诱导并降低 2-NOH双重荧光发
射的 pH值，但并未改变其 pKa*，与上述结论一致，从而证实推测是合理的。 
第五章总结本论文的创新性。 
 



























This dissertation consists of five chapters. 
 
In Chapter One, highlights of new findings in electron transfer studies, in which 
elegant synthetic model systems were used to address important fundamental 
questions, were briefly described.  The main examples include: (1) efficient long 
distance electron transfer mediated by hydrogen bonds; (2) the influence of internal 
electric fields on the rate of electron transfer in α-helical peptides; (3) construction 
of a biomimetic proton pump driven by photoinduced electron transfer; (4) the 
experimental and theoretical development of proton coupled electron transfer 
(PCET).  The research proposal for this dissertation was also presented. 
 
In Chapter Two, proton coupled electron transfer from diphenylguanidine to the 
dual fluorescent p-dialkylaminobenzoic acids was studied.  This chapter was 
divided in two sections. 
Proton-coupled electron transfer (PCET) has deserved attention since the first 
proposal of the proton translocation driven by electron transfer by Mitchell.  Much 
work in experimental and theoretical has been done in the field owing to the 
importance of PCET on prediction of energy-storing processes of photosynthesis and 
respiration.  Most of the reported work on PCET, however, has been focused on 















complexes donors and acceptor.  PCET usually occur in molecules with functional 
groups linked by a hydrogen bond that serves as interface mediating electron 
transfer: the charge redistribution connected to electronic excitation alters the 
acid-base properties of these groups, leading to proton transfer along the hydrogen 
bond in a tautomerization process.  We designed, based on the important 
recognition reaction between guanidium and carboxylate, p-dimethylaminobenzoic 
acids (DMABOA) that bear carboxylic group of hydrogen bonding capacity and 
emit interesting intramolecular charge transfer (ICT) dual fluorescence.  The ICT 
typical dual fluorescence of DMABOA in aprotic polar solvent such as chloroform 
was monitored in the presence DPG.  A Stern-Volmer quenching behavior was 
found and the quenching rate constant was 1013 L mol-1 s-1. 
In Section One, PCET was proposed as the mechanism for the quenching 
behavior of DPG to 4-(dimethylamino)benzoic acid (DMABOA) based on the 
following experimental results: (1) the dependence of quenching constants on 
solvent polarity; (2) the intermolecular hydrogen bond between DPG and DMABOA 
and the quenching rate constants were above 1013 L mol-1 s-1 which were much 
higher than the rate of diffusion-controlled intermolecular quenching rate constant 
(1010 L mol-1 s-1); (3) kinetic isotope effect was 1.2.   
In Section Two, proton coupled electron transfer in hydrogen bonded 
donor-acceptor system and the electron transfer driving force Gibbs free energy 
were studies.  In order to find out the electron transfer orientation, we synthesized 
on the one hand, a group of DMABOA derivatives (DAABOA), 
p-diethylaminobenzoic acid (DEABOA), p-dibutylaminobenzoic acid (DBABOA), 
p-(N-methyl, N-hexyl)benzoic acid (HMABOA), p-(N-methyl, N-hexyl)benzoic 















diphenylthiourea (DPS) and diphenylurea (DPO) were synthesized as the derivatives 
(DPX) of DPG.  The solvent polarity dependence of the fluorescence quenching 
rate constants of DPX to DAABOA and the direct NMR titration, together with the 
obvious isotope effect established that the quenching occurred within 1:1 hydrogen 
bonded mediated PCET.  The most interesting result was that the quenching rate 
constants decreased with increasing size of alkyl substitution at the amino moiety of 
the acid (DAABOA).  For the DPG quencher, the order of the quenching constants 
was DMABOA>HMABOA>DEABOA>DBABOA～HEABOA.  The direction of 
the motion of transferred electron was then suggested to be from DPG to DAABOA.  
In addition, that a dramatic decreased quenching constant was found with the 
quenching behavior of DPS and DPO also testified the orientation.  For the same 
DAABOA, the quencher action order was DPG>DPS>DPO.  The similarity of the 
interaction between DPG and DMABOA or its tetrabutylammonium salts 
DMABOTB showed that the hydrogen of carboxyl was not involved in the hydrogen.  
We therefore, considered that the quenching behavior was originated from PCET 
with DPG as the electron and proton donor and DAABOA as the electron and proton 
acceptor.  Indeed, we measured the driving force between DPX and DAABOA in 
acetonitrile and found ∆G0 was in good agreement with the kinetic results.  The 
driving force difference also gave a sound evidence of the reason that the quenching 
by DPS and DPO far less than that of DPG.  A proton transfer coupled electron 
transfer mechanism was hence assumed for the fluorescence quenching and the 
electron transfer was discussed within the framework of Marcus theory.  A clue for 
designing chemical sensing system based on PCET mechanism was proposed.  It 
should be noted that there was something unusual with the photophysical character 
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